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® Polyurethane (meth)acrylates and processes for preparing same. 

@ This invention relates to polyurethane (meth)acrylates that are prepared from certain liquid hydrocart)on diols 
and/or derivatives of said liquid hydrocart)on diols. polyfunctional isocyanates, and hydroxyalkyi acrylates and 
methacrylates. The polyurethane (meth)acryiates are useful as decorative and functional coatings, inks, adhe- 
sives, sealants, and formed parts. 
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Brief Summary of the Invention 
Technical Field 

6 This invention relates to polyurethane (meth)acrylates that are prepared from certain liquid hydrocart)on 
diols and/or derivatives of said liquid hydrocarbon diols, polyfunctional isocyanates, and hydroxyalkyi 
acrylates and methacrylates. The poiyurethahe (meth)acrylates are useful in a wide variety of decorative 
and functional coatings, inks, adhesives, and sealants that are usually formulated with other (meth)acrylates 

, and with photoinitiators tiiat generate free radicals when exposed to actinic energy. These polyurethane 

10 (meth)acrylates have excellent water -resistance characteristics. 

Background of the Invention 

Polyurethane (meth)acrylates are well known articles of commerce and various types of these com- 
16 pounds are marketed for coatings, inks, and sealant formulations that are cured with actinic energy. 
Polyurethane (meth)acrylates are compounds prepared by first end capping a polyol, (HO)q-(POLYOL) witti 
q usually 2 or 3, witii diisocyanates, OCN-Z*~NCO, and then finally capping the remaining free 
isocyanates with a hydroxyalkyi compound such as hydroxyethyl acrylate, CH2 = CHCOOCH2CH2OH, and 
this may be described by the following idealized structural fonmula when a difunctional polyol is used and 
20 hydroxyethyl acrylate is the final capping compound: 

H H 
I I 

(CHo-CHCOOCH^CHoO-CN-Z ' -NC-0- ) n (POLYOL) 

0 0 



wherein Z' is a substituted or unsubstituted hydrocarbon residue described in tiie art and POLYOL j|s a* 
'30 substitijted or unsubstituted hydrocarbon residue described in the art. Those skilled in the manufacture of 
such compounds are aware that the above is an idealized sb'ucture because molecular chain extension 
takes place when the polyol is first end capped with the diisocyanate and as a result a mixture of products 
with higher than expected molecular weight than that Indicated by the idealized structure results. 

However, even though polyurethane (meth)acrylates are commercial products, improvements such as 
| / 35 lower viscosity and Improved moisture resistance and permeability as compared to existirig products are 

K heeded for various end uses, and polyurethane (meth)acrylates with either or both of these attributes would 

II be desirable, useful compounds. 

h • U.S. Patent Reissue 29,131 describes unsaturated acrylate - capped polycaprolactone polyol derivatives 

tiiat are produced from polycaprolactone polyols, organic isocyanates, and hydroxyethyl acrylate. These 
40 acrylate -capped products can be cured to form solid, protective films. 

U.S. Patent 4,078,015 describes ultraviolet light curable compositions that contain from 50 to 90 parts 
by weight of a polymerizable polyurethane product that is the reaction product of an organic diisocyanate, a 
beta - hydroxy alkyi ester of acrylic acid, and a polyol. 

U.S. Patent 4,246,391 describes a procedure for preparation of acrylated urethanes that have low 
46 viscosity. The procedure involves a process in which a monohydroxyl functional acrylate is first reacted with 
the polyisocyanate followed by reaction of this product mixture witii a polyol. 

Disclosure of tiie Invention 

60 It has been discovered that useful polyurethane (metti)acrylates can be prepared from certain liquid 
hydrocarbon diols such as 2 -ethyl -3 -propyl -1,5-pentanediol and/or derivatives of said liquid hy- 
drocarbon diols, polyfunctional isocyanates such as toluene diisocyanate, hydroxyalkyi acrylates and 
methacrylates such as hydroxyethyl acrylate or methacrylate, and optionally other polyols. The liquid 
hydrocarbon diols are comprised of primary hydroxyl groups and 8 or more cari)on atoms in which the 

65 primary hydroxyl groups are separated by 4 or more carbon atoms linearly arranged and in which at least 
one of said carbon atoms lineariy arranged Is a disubstituted carbon atom or at least 2 of said carbon atoms 
lineariy an-anged are monosubstituted carbon atoms, said liquid hydrocari3on diol existing as a liquid at a 
temperature of 35 * C or less. 
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This invention also relates to a process for preparing polyurethane (meth)acrylates which comprises (i) 
contacting a liquid hydrocarbon diol comprised of primary hydroxyl groups and 8 or more carbon atoms in 
which the primary hydroxyl groups are separated by 4 or more carbon atoms linearly arranged and in which 
at least one of said carbon atoms linearly arranged is a disubstituted carbon atom or at least 2 of said 
6 carbon atoms linearly arranged are monosubstituted carbon atoms, said liquid hydrocarbon diol existing as 
a liquid at a temperature of 35* C or less, and/or a derivative of said liquid hydrocart)on diol, and optionally 
other polyols, with a polyfunctional isocyanate to form an isocyanate- capped prepolymer, and (ii) 
contacting said isocyanate -capped prepolymer with a hydroxyall<yl (meth)acrylate to fonrn said polyure- 
thane (meth)acrylate. 

10 . This invention hjrther relates to a process for preparing polyurethane (meth)acrylates which comprises 
contacting a liquid hydrocarbon diol comprised of primary hydroxyl groups and 8 or more carbon atoms in 
which the primary hyroxy I groups are separated by 4 or more carbon atoms linearly arranged and In which 
at least one of said carbon atoms linearly arranged is a disubstituted carbon atom or at least 2 of said 
carbon atoms linearly arranged are monosubstituted carbon atoms, said liquid hydrocarbon diol existing as 

75 a liquid at a temperature of 35 *C or less, and/or a derivative of said liquid hydrocart3on diol, and optionally 
other polyols, with a polyfunctional isocyanate and a hydroxyalkyi (meth)acrylate to form said polyurethane 
(meth)acrylate. 

The polyurethane (meth)acrylates have a variety of uses as for example in formulations where It is 
compounded alone with a free radical - generating photoinitiator or in combination with other acrylates and 

20 methacrylates and a free radical generating photoinitiator. In addition, combinations of the above systems 
may be employed. The polyurethane (meth)acrylates are useful in tx)th decorative and functional coatings, 
conformal coatings for printed circuit boards, inks, sealants, and adhesives and in shaped - part production 
such as that produced by stereolithography curable with actinic radiation, particularly with ultraviolet light, 
certain visible light of about 400 to 600 nm. and electron beams. Although the coatings have good adhesion 

25 to a variety of substrates, they can be formulated into particularly useful release coatings. 

Detailed Description 

Polyurethane (meth)acrylates can be prepared from certain liquid hydrocariaon diols and/or derivatives 
30 of said liquid hydrocarbon diols, polyisocyanates. hydroxyalkyi (meth)acrylates and optionally other polyols 
and can be repiresented by the formula: 



OH HO OH HO 

III III III III 

CH9«CRcC0R*0-CN-Z^NC-0-(DI0L)-0-CN-2-NC-0R'0CRcC-CH2 

CHn-CRcCOR'O-CN NC-ORcOCR ' C-CH, 

^ III III 

40 OH HO 

(I) 

45 wherein Rs is the same or different and is hydrogen or methyl, R' is the same or different and is a linear or 
branched alkyi group of about 2 to 6 cari3bn atoms, preferably 2 or 3 carbon atoms, Z Is the same or 
different and is a substituted or unsubstituted hydrocarbon residue, and DIOL is the hydrocariaon residue of 
a liquid hydrocarbon diol comprised of primary hydroxyl groujps and 8 or more carbon atoms in which the 
primary hydroxy groups are separated by 4 or more carbon atoms linearly arranged and in which at least 

60 one of said carbon atoms lineariy arranged is a disubstituted cartwn atom or at least 2 of said carbon atoms 
Jinearly arranged are monosubstituted cari3on atoms, said liquid hydrocarbon diol existing as a liquid at a 
/temperature of 35* Cor less. ^' 

The polyurethane (meth)acrylates can be prepared by first reacting a polyfunctional isocyanate, Z- 
(NCO)n, preferably a diisocyanate, with HO -(DIOL) -OH to form an essentially* isocyanate -capped 

55 prepolymer represented by the formula: 
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HO OH 

ill III ^ 

(OCN) i-Z-NC-O-ipiOL > -O-CN-2- (NCO) (II) 

6 

wherein Z and DIOL are as defined above and n has a value of 2 or 3, preferably 2. It is preferred that the 
isocyanate -capped prepolymer be prepared in an inert atmosphere such as a dry nitrogen or argon 
atmosphere. The isocyanate- capped prepolymer of Fomnula II is then reacted with a hydroxyalkyi (meth)- 
acrylate. CH2 = CR5C0R'0H, to form the polyurethane (meth)acrylates of Formula I. It is preferred that the 

10 polyurethane (meth)acrylates of the invention be prepared In an oxygen -containing atmosphere such as air 
to minimize or prevent polymerization of the acryiate functionality. Although optional, it is pretended that a 
stabilizer that prevents polymerization of acrylates, such as hydroquinone, be added to the reaction mass 
during the portion of the reaction in which hydroxyalkyi (meth)alkylate is reacting with the Fonnula II 
prepolymer. The stabilizer can be added before addition of the hydroxyalkyi (meth)acrylate, during its 

16 reaction with the Formula II prepolymer, or after completion of its reaction with the Formula II prepolymer, 
but it is preferred that it be added before addition of the Formula II prepolymer. It is understood by those 
skilled in art of isocyanate/hydroxyl reactions that molecular chain extension can take place when the polyol 
is first end capped with the polyisocyanate and as a result a inixture of products with higher molecular 
weight and attendant viscosity than that expected from the idealized structure of Formula II results. Although 

20 the order of addition of the ingredients can be varied from the above description, it is thought that a 
minimum viscosity will result from the above described procedure. 

The amount of liquid hydrocarbon diol and polyol to be used for preparation of the polyurethane 
(meth)acrylates of this inventon is not narrowly critical; however, it is preferably equal to the number of 
equivalents, of isocyanate minus one so that an essentially isocyanate - capped prepolymer . as depicted In 

25 Formula tl is obtained. The amount of hydroxyalkyi (meth)acrylate to be used for preparation of the 
polyurethane (meth)acrylates of this invention Is not nanrowly critical; however, it is preferably equal to the 
number of equivalents of Isocyariate plus one so that an essentially (meth)acrylate- capped polyurethane 
as depicted in Formula I is obtained. 

HO - (DIOL) - OH can preferably be represented by the formula: 

30 

HO-R"-OH (111) , 

wherein R" is a substituted hydrocarbon residue having 8 or more carbon atoms in which the primary 
hydroxyl groups are separated by 4 or more cartk)n atoms linearly arranged and in whicfi at least one of 
36 said carbon atoms linearly arranged is a disubstituted carbon atom or at least 2 of said carbon atoms 
linearly an-anged are monosubstituted carbon atorns, said liquid hydrocarbon diol existing as a liquid at a 
temperature of 35 * C or less. 

Other preferred liquid hydrocarbon diols useful for preparation of the polyurethane (meth)acrylates of 
this iriventipn are represented by the fomnula: 



40 
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11 r 

HOCH2 - C - C - C - CH2OH (IV) 

III. 

^ H H R4 

wherein Ri is hydrogen or linear or branched alkyi having 1 to 3 carbon atoms, and R2, Ra, and R^ are the 
same or different and are hydrogen or linear or branched alkyI having 1 to 4 cartion atoms, said liquid 

60 hydrocarbon diol existing as a liquid at a temperature of 35' C or less; provided (a) at least 2 of Ri , R2, R3, 
and R4. are other than hydrogen; (b) the total number of carbon atoms in Rt Rz, R3, and R* together is 5 or 
more except as follows: (\) when R2 is ethyl and one of Ri, R3, and R* is methyl, then the remaining 2 of 
Ri , R3. and R^ can be hydrogen; (ii) when R3 and Ri are Independently methyl and propyl, then Ri and R2 
can be hydrogen; and (iii) when Ri is methyl and Rz is ethyl and one of R3 and R4 is methyl, then the 

55 remaining R3 or R4 can be hydrogen; (c) when the total number of carbon atoms In Ri and R2 is 4 or more, 
then the total number of carbon atoms in R2 is 3 or less except when Ri is propyl and R3 and R* are 
hydrogen, then R2 can be butyl; and (d) when Ri is ethyl and R2 is propyl, then R3 is other than ethyl. It is 
prefenred that one of R3 or R4 be hydrogen and that the total number of carbon atoms contained in Ri to 
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R4 is 3 to 7, and it is most preferred that R3 and be hydrogen and Ri and R2 contain a total of 4 to 6 
carbon atonns. For example, if Ri is CH3CH2 R2 is CH3CH2CH2 and R3 and R4 are hydrogen, there 
would be a total of 5 carbon atoms contained in Ri to R^: and if Ri is ethyl, R2 is butyl, Ra is propyl, and 
R4 is ethyl, there would be a total of 1 1 carbon atoms contained in Ri to R4. 

The liquid hydrocarbon diols useful In this invention, for example, the liquid 1,5-pentanedipls repre- 
sented by Formula IV above, can be prepared by a process comprising: 

(a) contacting a substituted vinyl ether with a substituted or unsubstituted acrolein to fomn a substituted 
3,4-dihydropyran; 

(b) contacting the substituted 3,4-dihydropyran with an acid catalyst to form a substituted dialdehyde; 
and 

(c) hydrogenating the substituted dialdehyde in the presence of a catalyst to form a liquid hydrocarbon 
diol represented by Formula IV above. 

More particularly, the liquid 1 ,5 - pentanediols represented by Formula fV above can be prepared by 
reacting acrolein or substituted acrolein with a substituted vinyl ether as follows: 



H 

\ / 
/ \ 



\ / 
C=C-CHO 



H I 
\/ 

c 

/ \ 



i2 



RO 



Ra 



Stibstituted 
Vinyl Ether 



Substituted 
Acrolein 



C-H 



Substituted 

3 « 4-Dihydropyran 
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Rt R9 

I I r ,H 
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0" I I I ^0 
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Substituted 
Dialdehyde 
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R| R7 Rq 

I I r 

HOCHo - C - C - C -CH9OH 

III 
H U R4 

Substituted 
1,5-Pentanediol 



55 wherein Ri, R2, Fta and R^ are as defined above and R is a substituted or unsubstituted hydrocarbon 
residue, preferably a linear or branched alicyl having from 1 to about 8 carbon atoms. 

Illustrative of suitable substituted vinyl ethers useful in preparing the liquid hydrocarbon diols include, 
among others, alkyi vinyl ethers such as methyl vinyl ether; methyl (2 -methyl vinyl) ether which has the 
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structure: 

HC = CH ; 
methyl (2 -ethyl vinyl) ether, which has the structure: 

CH^CHn OCH 



3V.n2 ^v^n3 



HC=CH 

76 methyl (2,2 -dimethyl vinyl) ether; methyl (2 -methyl, 2 -propyl vinyl) ether; methyl (2 -butyl, 2 -methyl 
vinyl) ether; ethyl vinyl ether; ethyl (2 -methyl vinyl); ethyl (2 -ethyl vinyl) ether; ethyl (2,2 -dimethyl vinyl) 
ether; ethyl (2 -methyl, 2 -propyl vinyl) ether; ethyl (2 -butyl, 2 -methyl vinyl) ether; n- propyl and I- 
propyl vinyl ethers; butyl vinyl ethers such as n- butyl vinyl ether, sr butyl vinyl ether, i- butyl vinyl ether, 
and t- butyl vinyl ether; amyl vinyl ethers, and the like; divihyl ethers such as triethylene glycol divinyl 

20 ether, 1,4-cyclohexane dimethanol divinyl ether, trivinyl ethers, and the like. K is prefenred that alky I vinyl 
ethers with up to 3 carbon alkyi groups and one- to three -carbon alkyl (alkyi vinyl) ethers with alkyi vinyl 
groups of up to 8 carbon atoms are used. 

Illustrative of suitable acroleins useful in preparing the liquid hydrocarbon diols include, among others, 
acrolein; 2-ethyl-2-butenal; 2-.methyl-2-butenal; 2-(n-propyl)-2-butenal; 2-(i-propyl)-2- 

25 butenal; 2 - methyl - 2 - pentenal, which has the structure: 

CH2CH2 ^^^3 
C =C-CHO 

30 / 

H ; 



2 - ethyl - 2 - pentenal; 2 - (n - propyl) - 2 - pentenal; 2 - (i - propyl) - 2 - pentenal; 2 - (n - butyl) - pentenal; 
35 2 - (i - butyl) - pentenal; 2 - (s - butyl) - pentenal; 2 - (t ^ butyl) - pentenal; 2 - amyl pentenals; 2 - ethyl - 2 - 
hexenal, which has the structure: 

CH2CH2CH2 GH2CH3 
C=C-CHO 

^ / 

H ; 



2 - methyl - 2 - hexenals; 2 - (n - propyl) - 2 - hexenals; 2 - (i - propyl) - 2 - hexenals; 2 - (n - butyl) - 2 - 
46 hexenals; 2 - (i - butyl) - 2 - hexenals; 2 -(s- butyl) -2- hexenals; 2 -(t- butyl) -2- hexenals; 2 -amyl 
hexenals; and the like. 

Illustrative of suitable substituted 3,4-dihydropyrans prepared in reaction step (a) above include, for 
example, 2 - alkoxy - 5 ^ ethyl - 4 - propyl - 3,4 - dihydro - 1 ,2 - pyran, 2 - alkoxy ^ 4 - ethyl - 5 - methyl - , 
3,4-dihydro-1,2-pyran, 2 -alkoxy -4-ethyl -3,5- dimethyl -3,4- dihydro -1,2 -pyran, 2-alkoxy-5- 

60 ethyl - 3 - methyl - 4 - propyl - 3,4 - dihydrol - 1 ,2 - pyran, 2 - alkoxy -3,4 - diethyl -5 - methyl - 3,4 - 
dihydro - 1 ,2 - pyran, 2 - alkoxy - 4 - ethyl - 3,3',5 - trimethyl - 3,4 - dihydro - 1 ,2 - pyran, 2 - alkoxy - 3,3' - 
dimethyl - 4 - propyl - 3.4 - dihydro - 1 ,2 - pyran, 2 - alkoxy - 3 - methyl - 3* - propyl - 3,4 - dihydro - 1 ,2 - 
pyran, 2 - alkoxy - 4 - ethyl - 5 - methyl - 3 - methyl - 3' - propyl - 3,4 - dihydro - 1 ;2 - pyran. 2 - alkoxy r 5 - 
ethyl - 3 - methyl - 3\4 - dipropyl - 3,4 - dihydrol - 1 ,2 - pyran,2 - alkoxy - 3 - butyl - 3' - ethyl - 3,4 - 

66 dihydro - 1 ;2 - pyran, 2 - alkoxy - 3 - butyl - 3\4 - diethyl - 5 - methyl - 3,4 - dihydro - 1 ,2 - pyran, 2 - 
alkoxy - 3 - butyl - 3',5 - diethyl - 4 - propyl - 3,4 - dihydro - 1 ,2 - pyran, and the like. For purposes of these 
illustrative substituted 3,4-dihydropyrans, alkoxy refers to methoxy, ethoxy, n-propoxy, isopropoxy, n- 
butoxy, i-butoxy, srbutoxy, t-butoxy, and the like. 
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The step (a) reaction can bo conducted at a temperature of from about 160* C to 280' C for a period of 
about 1 hour to about 7 days with the longer time being used at the lower temperature, preferably from 
about 180*C to about 270 *C for about 1 hour to about 5 days, and more preferably at about 200 *C to 
260 *C for about 1 hour to about 48 hours. During the reaction, from less than 0.01 percent by weight to 
5 about 5 percent by weight of the total weight of the starting materials, preferably from about 0.01 percent by 
weight to about 2 percent by weight, of a free radical inhibitor can be added to the reaction mass. 
Illustrative of such free radical inhibitors are 2,6 -ditertiarybutyl- 4- methyl phenol, hydroquinone, 
hydroquinone monomethyl ether, and the like. A particularly useful inhibitor is hydroquinone. 

The step (a) reaction can be conducted over a wide range of pressures ranging from atmospheric 
10 pressure to superatmospheric pressures, e.g., from about 1 atmosphere to about 100 atmospheres or 
greater. It is preferable to conduct the step (a) reaction at pressures of from about atmospheric to about 75 
atmospheres^ The step (a) reaction is preferably effected in the liquid or vapor stetes or mixtures thereof. 

The molar ratio of substituted vinyl ether to acrolein compound in the step (a) reaction is not narrowly ' 
critical and can range from about 0.05:1 or less to about 50:1 or greater, preferably from about 0.1:1 to . 
16 about 10:1. 

Illustrative of acid catalysts suitable for ring opening of the substituted 3,4 - dihydropyran intermediates 
to form substituted dialdehydes in accordance with reaction step (b) above are mineral acids, including 
sulfuric acid, hydrochloric acid, phosphoric acid, triflic acid and its salts, sulfonic acids; organic adds 
including acetic acid, chloroacetic acid, oxalic acid; crosslinked acidic resins such as the various, ion. 

20 exchange resins Including Amberlite® CG-400, Amberlite® IR-118; Amberlite® IR120(plus), Dowex® 
MSC -1, Dowex® M-31. Dowex® M32, Dowex® 50X2-100, Dowex® 50X2-200, Dowex® 50X2 - 400, 
Dowex® 50X4 - 400, Dowex® 50X8-100, Dowex® 50X8 - 200, Dowex® 50X8 - 400, Nation® 117, Nation® 
417, Nation® NR50, Nation® perfluorinated powder, similar crosslinked acidic resins; perfluorinated poly- 
mers which contain sulfonic acid groups such as XUS- 40036.02 (Dow Chemical Company); and the like. 

26 The illustrative ion exchange resins above, as well as others, are available from Aldrich Chemical Company, 
Inc. V 

The acid catalysts employed in the ring -opening of the substituted 3,4 -dihydropyran intermediates 
are preferably used in conjunction with water; alcohols such as methanol, ethanol, isopropanol, h-propanol, 
n-butanol, sec-butanol, isobutanol, and tert-butanol, amyl alcohols as well as higher alcohols; glycol 

30 ethers such as ethoxy ethanol, methoxy ethanol, 1 - methoxypropane, methoxyethoxy ethanol; glyme; and 
the like, as well as mixtures of water and other solvents. The amount of acid catalyst used in reaction step 
(b) is dependent on ttie particular catalyst employed and can range from about 0.01 weight percent or less 
to about 10 weight percent or greater of the total weight of the starting materials. 

The acid dialdehyde reaction mass can be washed with water and/or aqueous solution of neutralizing 

35 agents. Illustrative of such neutralizing agents are sodium acetate, potassium acetate, sodium bicartx)nate, . 
sodium carbonate, potassium bicarbonate, potassium carbonate, and the like. 

Illustrative of suitable substituted dialdehydes prepared in reaction step (b) above include, for example, 
3 - ethyl - 2 - methyl - 1 ,5 - pentanedial, 2 - ethyl - 3 - propyl - 1 ,5 - pentanedial, 3 - ethyl - 2,4 - dimethyl - 
1 ,5 - pentanedial, 2 - ethyl - 4 - methyl - 3 r propyl - 1 ,5 - pentanedial, 3,4 - diethyl - 2 - methyl - 1 ,5 - pen - 

40 tanedial, 3 - ethyl - 2,4,4' - trimethyl - 1 ,5 - pentanedial. 2 r ethyl - 4,4* - dimethyl - 3 - propyl - 1 ,5 - pen - 
tanedial, 2 - methyl - 2* - propyl - 1 ,5 - pentanedial, 3 - ethyl - 2,4 - dimethyl - 4* - propyl - 1 ,5 - pentanedial. 
2 - ethyl - 4 - methyl - 3,4' - dipropyl - 1 ,5 - pentanedial, 2 - butyl - 2* - ethyl - 1 ,5 - pentanedial, 4 - butyl - 
3,4 -diethyl -2 -methyl -1,5 -pentanedial, 4- butyl -2,4' -diethyl -3- propyl -1,5- pentanedial, and the 
like. 

•45 The step (b) reaction can be conducted over a wide range of pressures ranging from atmospheric or 
subatmospheric pressures to superatmospheric pressures, e.g., from atxiut 1 atmosphere or less to about 
25 atmospheres or greater. It is preferable to conduct the step (b) reaction at pressures of from about 1 
atmosphere to about 10 atmospheres. The step (b) reaction is preferably effected in the liquid or vapor 
slates or mixtures thereof. , 

60 The temperature of the step (b) reaction may be as low as about ambient temperature to about 300* C. 
Preferably, the reaction temperature ranges from about 50*C to about 200 *C. and more preferably from 
about 60* C to about 120* C. 

Illustrative of catalysts useful in the hydrogenation step (c) involving reduction of substituted dial- 
dehydes include, for example. Raney- type compounds such as Raney nickel and modified Raney nickels;" 

66 molybdenum - promoted nickel, chromium -promoted nickel, cobalt -promoted nickel; platinum; palladium; 
iron; cobalt molybdate on alumina; copper chromite; barium promoted copper chromite; tin - copper couple; 
zinc -copper couple; aluminum - cobalt; aluminum - copper; and aluminum - nickel; platinum; nickel; and 
the like. The amount of hydrogenation catalyst used in step (c) is dependent on the particular catalyst 
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employed and can range from about 0.01 weight percent or less to about 1 0 weight percent or greater of 
the total weight of the starting materials. 

The particular reaction conditions for the step (c) hydrogenatlon reaction are not nanrowly critical, and 
can be any effective hydrogenatlon procedures sufficient to produce the substituted 1,5-pentanediols of 

5 this invention. The step (c) reaction can be carried out at temperatures of from about ambient temperature 
to about 250 *C. preferably from about 70*C to about 200 *C, and more preferably from 90*C to 150*C. 
The step (c) reaction preferably may be conducted at pressures of from about 5 atmospheres to about 100 
atmospheres, and more preferably from about 10 atmospheres to about 75 atmospheres. 

Illustrative of suitable substituted 1,5-pentanediols useful in preparing the polyurethane (meth)acrylates 

70 of this Invention Include, for example, 3-ethyl- 2 -methyl- 1.6- pentanediol. 2 - ethyl - 3 - propyl - 1 ,5 - 
pentanediol. 2,4 - dimethyl - 3 - ethyl - 1 ,5 - pentanediol. 2 - ethyl - 4 - methyl - 3 - propyl - 1 ,5 - pen - 
tanediol, 2,3 - diethyl - 4 - methyl - 1 ,5 - pentanediol, 3 - ethyl - 2,2.4 - trimethyl - 1 ,5 - pentanediol, 2,2 - 
dimethyl - 4 - ethyl - 3 - propyl - 1 ,5 - pentanediol, 2 - methyl - 2 - propyl - 1 ,5 - pentanediol, 2,4 - 
dimethyl - 3 - ethyl - 2 - propyl - 1,5 - pentanediol, 2,3 - dipropyl - 4 - ethyl - 2 - methyl - 1 ,5 - pentanediol, 

15 2-butyl -2 -ethyl -1,5- pentanediol, 2 -butyl -2,3 -diethyl -4 -methyl -1,5 -pentanediol, 2 -butyl - 
2,4- diethyl -3-propyl-l, 5 -pentanediol, 3- butyl -2 -propyl -1,5 -pentanediol and the like, including 
mixtures thereof. 

Illustrative derivatives based on the liquid hydrocarbon diols that are useful in preparing the polyure^ 
thane (meth)acryiate8 of this Invention include, for example, polyesters, silicone -containing compounds; 
20 polyols initiated with said diols, and the like, Including mixtures thereof. This invention is not intended to be 
limited in any manner by the permissible derivatives of liquid hydrocarbon diols. 

The polyester derivative products useful in this invention include, for example, those represented by the 
structural formula: 



25 



^1 ?2 ?3 



I I I r I r 

H0(CH2 — C — C— C— CH20C-A-C0)a-CH,— C — C — C — CH7OH 

I I I II II ^ I I I ^ 

3" H H R4 .0 0 H H R4 

(V) 

35 wherein Ri is the same or different and is hydrogen or linear or branched alkyi having from 1 to 3 carbon 
atoms, R2, R3 and FU are the same or different and are hydrogen or linear or branched alkyI having from 1 
to 4 carbon atoms. A is the same or different and is a substituted or unsubstituted hydrocarbon residue, 
preferably aryl such as phenylene, substituted phenylene, alkyl, cyclohexyl, substituted cyclohexyl and the 
like, and a is a value from about 1 to about 300 or greater, preferably from 1 to about 150, and more 

40 preferably from about 1 to about 75 or less. 

Optionally, up to about 60 weight percent, preferably up to about 40 weight percent of other di - , tri ^ , 
tetra-, and higher -functionality polyols may be used in combination with the liquid hydrocarbon diols of 
Fonmula IV to fomfi the polyesters of Fomnula V. Suitable polyols include, for example, ethylene glycol, 
diethylene glycol, propylene glycol, dipropylene glycol, polyoxypropylene diols and triols, neopentyl glycol, 

46 esterdiols such as Esterdlol-204 and ethoxylated and propoxylated esterdiols, ethylene oxide/propylene 
oxide copolymer polyols, polyether polyols, polycarbonate polyols, poly(alkylene oxide) polyols, 1.3- 
propanediol, 1,4-butanediols. poly(tetramethylene oxide) polyols. 1 ,5 - pentanediols other than those of 
Formula IV, 1,6-hexanediois. 2-ethyl-1.3-hexanediol, 1.7-heptanediol. and higher linear and branched 
hydrocarbon diols, polylactone diols and triols such as the poly-c-caprolactone polyols; halogenated diols 

60 such as 3 - chloro - 1 ,2 - propanediol, 2,3 - dibromo - 1 ,4 - butanediol; triols and higher hydroxyl - functional 
polyols such as trimethylolpropane, pentaerythritol, dipentaerythritol. sorbitol, sucrose; hydroquinone and 
substituted hydoquinones, bisphenols such as Bisphenol A, Bisphenol C, Bisphenol F, as well as others; 
1 .2 - cyclohexanediols, 1,3-cyclohexanediols, 1 ,4 - cyclohexanediols, 1,4-cyclohexane dimethanol, 
xylenediols, 2.2.4,4 -tetramethyl - 1 .3 - cyclobutanediol, and the like, including mixtures thereof. 

55 Illustrative of the polyfunctional carboxylic acids that can be used to prepare the polyester derivative 
products useful in this invention include, for example, oxalic acid, malonic acid, succinic acid, glutaric acid, 
adipic acid, pimelic acid, sut^eric acid, azelalc acid, sebacic acid, undecanedtoic acid, dodecanedioic acid, 
tridecanedioic add. maleic add, fumaric add. 2-methyi-cis-2-butenedioic acid, 2-methylenesucdnlc 
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acid, 1,1 -cyclobutanedicarboxylic acid, norcamphoric acid, tetrahydrophthalic acid, methyl - tetrahydroph - 
thalic acid, 1 ,1 - cyclohexanedlcarboxylic acid, hexahydrophthalic acid, 1,4-cycIohexanedicarboxylic acid, 
chlorendic acid, l,4Tbenzenediacetic acid, phthalic acid, isophthalic acid, trimeliitic acid, any other 
polyfunctioiial carboxyllc acid including those having substituents thereon such as atkyi or alkoxy groups, 

6 nitro, halogen, aryi, carboxyl or any .th.r group that will not unduly interfere with the reaction and the Ijke 
as well as mixtures of such acids and mixtures of such acids with acid anhydrides. * 

Illustrative of the acid anhydrides that can be used to prepare the polyester derivative products useful in 
this invention include, for example, trimeliitic anhydride, tetrahydrophthalic anhydride, phthalic anhydride, 
isophthalic anhydride, benzophenone dicarboxylic acid anhydride, succinic anhydride, glutaric anhydride, 

10 naptholc anhydride, ctorendic anhydride, itaconic anhydride, maleic anhydride, or any other intramolecular 
anhydride including those having substituents thereon such as alkyi or alkoxy groups, nitro, halogen, aryl, . 
carboxyl or any other group that will not unduly interfere with the reaction and the like as well as mixtures of 
anhydrides or mixtures of anhydrides and polyfunctional carboxyllc acids. 

The polyester derivatives can be prepared by heating conventional amounts of the liquid hydrocarbon 

75 diols, optional polyols, polyfunctional carboxyllc acids and/or acid anhydrides at an elevated temperature 
and removing water of condensation. The process of condensation is rate enhanced if catalysts are used, 
the catalysts that may be used to prepare the polyesters useful in the compositions of this invention are 
those knovm to persons skilled in the art of polyester preparation, illustrative of which are dibutyltih oxide, ^ 
antimony oxide, tin oxide, titanium alkoxides, alkali metal salts or metallic salts of manganese, cadmium, 

20 magnesium, zinc, cobalt, tin, and the like. 

The silicone - containing derivative compounds useful in the coating compositions of the invention can ' 
be prepared by conventional methods by either end capping, coupling, or other reaction when Formula IV 
liquid hydrocarbon diets or mixtures of Formula IV liquid hydrocariDon diols and optionally other polyols are 
reacted with siianes. Illustrative of the silane- containing derivative compounds include, for example, the 

25 following: 

^^3 ^1 ?2 ?3 



30. 



45 



CH3-Si-OCH2r 



I 




CH3 



when t mole of trimethylchlorosilane and 1 mole of Fomnula IV diol are reacted. 



35' 
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HOCH 




when one mole of dimethyldichlorosilane and two moles of Formula IV diol are reacted, 



Ri R7 R*! ' 

11 r 

G-Si- (OCH2— C— C-^H20H)^ 
60 i i I 

H H R>. 



wherein Ri , R2. R3 and R4^ are as defined above, m'ls 3 or 4 and G Is methyl when m is 3 and nonexistent 
55 when m is 4 when 3 moles (m = 3) or 4 moles (m = 4f of Formula IV diol are reacted with 
methyltrichlorosilane or tetrachlorosilane respectively, and the like. It is preferred that the silane- containing 
product have residual hydroxyl groups. It is understood by those skilled in the art that when polyfunctional 
compounds are combined, a variety of products, including chain extended products, can be obtained. 
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Illustrative of the silanes that can be used to produce the silane- containing compounds useful in the 
compositions of the invention include, for example, chloroalkytchloro and arylchlorosilanes. diphenylethyl - 
chlorosilane. trimethylchlorosilane, dimethyldichloromethylsilane, triphenylchlorosilane, methyldichlorosllane. 
dimethylethylchlorosilane, dichlorosilane; alkoxysilanes such as methoxysilane, dimethoxysilane, diethyox - 
ysilane, triethoxysilane. dimethylmethoxychlorsilane, dimethylmethoxysilane, tris(methoxy)-3- 
chloropropylsllane. and the like, including mixtures thereof. 

Illustrative polyols that can be used in combination with the Formula IV liquid hydrocarbon diols in 
preparation of the silicone - containing derivative products useful in this invention include, for example, 
diethylene glycol, 1,4-butanediol, 1,6-hexanedloI, 1,4-dihydroxyquinone, 2,2 -dimethyl -1,3 -pro- 
panediol, hydroxyl- terminated polyesters, ethylene oxide/propylene oxide copolymer polyols, poly(ethylene 
oxide) polyols, poly(alkyl6ne oxjde) polyols. polyiether polyols, poly(tetramethylene oxide) polyols, polycar- 
bonate polyols. polylactone polyols, and the like, including mixtures thereof. 

The polyol derivative products formed by ring -opening polymerization and initiated with the liquid 
hydrocarbon diols of Formula IV and useful in this invention include, for example, polyols formed by 
reaction of one mole of the Formula IV compound and from about one to about 10 moles of ct 
caprolactone, substituted c - caprolactones, j - valerolactone, substituted 5-valerolactones, or a mixture of 
such lactones or other copolymerizable lactones; or from 1 to about 10 moles of propylene oxide, 
epichlorohydrin. 1 ,2 - butylene oxide, or ethylene oxide or mixtures of such oxides, with it prefemad that 
from 1 to about 4 moles of ethylene oxide by used alone or in the mixtures. If desiried both alkylenid oxide 
and lacftone units can be present in the polyols. Methods of preparation of such polyols are well known to 
those skilled in the art of lactone or alkylene oxide polymerization. 

. In an embodiment of this invention, 100 parts of HO - (DjpL) - OH can be blended with from about i to 
about 90 parts of other polyols before reaction with the polyfunctional isocyanate and hydroxyalkyi (meth)~ 
acrylate to fonm compositions that can have improved water resistance over those that would be obtained 
from polyurethane (meth)acrylates made from the other polyols alone. 

The polyols that can be blended with H0-(D10L)-OH are preferably dihydrpxyl functional compounds, 
atthbugh up to about 15 percent by weight of trifunctional polyols can be used or up to about 5 weight 
percent of polyols with a hydroxyl functionality of greater than 3 can be used. Illustrative of the difunctional 
polyols useful for blending with HO-(DtOL)- OH to iorm the polyurethane (meth)acrylates of this invention 
include, for example, ethylene glycol, diethylene glycol, 1 ,4 - butanediol, 1 ,6 - hexanediol, 2,2,4 -trimethyl - 
1,5-pentanediol, Esterdiol 204, ethoxylated and propoxylated Esterdiol 204, 1,4-cyclohexane dimethanol, 
1,4-phenylene dimethanol; the various difunctional acrylateone polyols such as TONE® -0200, -0210,' 
-0230. -0240, -0260, which are commercially available from Union Carbide Chemicals and Plastics 
Company Inc.; propylene glycol and dihydroxyl- functional poly(propyl6ne oxide) polyols, poly - 
(tetramethylene oxide) polyols, polyester polyols, polyether polyols; poly(alkylene oxide) polyols, polyox - 
yethylene polyols, polycarbonate polyols, and the like, including mixtures thereof. Illustrative of the 
trihydroxyl -functional and higher functional polyols are glycerol, trimethylolpropane, ethoxylated anid 
propoxylated trimethylolpropane, trifunctional caprolactone polyols such as TONE® - 0301 , -0305, and 0- 
310, which are commercially available from Union Carbide Chemicals and Plastics Company Inc.; 
trihydroxyl -functional poly(propylene oxide) polyols including ethylene oxide -capred poly(propylene ox - 
ide) polyols. pentaerythritol, soriaitol, and the like, including mixtures thereof. 

Illustrative of polyfunctional isocyanates tiiat can be used to prepare the polyurethane (meth)acrylates of 
this invention include, for example, 2,4 -toluene ditsocyanate and 2,6 -toluene diisocyanate as well as 
mixtures of these diisocyanates; 4,4' - diphenytmethane diisocyanate (MDI), 4,4' - dlcyclohexyldiisocyanate 
or reduced MDI, meta- and para - tetramethyl xylene diisocyanate, 3- isocyanatomethyl-3,5,5- 
trimethylcyclohexylisocyanate or isophorone diisocyanate, hexamethylene diisocyanate, 1,5-naphthylene 
diisocyanate, dianisidine diisocyanate, di(2-isocyanatoethyl)-bicycloI2.2.1]-hept-5-ene-2.3-dicar^ 
boxylate, 2,2.4- and 2,4,4 -trimethylenehexamethylene diisocyanate. 4.4*.4**-triisocyanatotriphenyl- 
methane, 4,4',4"-triisocyanate triphenylmetharie. 2,4,6 -triisocyanate toluene, and the like, including mix- 
tures thereof. It is preferred that diisocyanates be used, but up to about 10 percent of the diisocyanate used 
can have isocyanate functionality greater than 2. 

If desired, catalysts for the hydroxyl/isocyanate reactions to forrn urethane linkages may be used. 
Illustrative of such catalysts are the known urethane catalysts which can be used in conventional amounts 
and include the amines or'organometallic compounds such as triethylamine. ethylene diamine tetraamine. 
morphollne, N- ethyl -morpholine, triethanolamine. piperazine. N.N.N'.N* -tetramethyl- butane -1,3- 
diamine. dibutyltin dilaurate, dibutyltin oxide, stannous octanoate, stannous laurate, ispctyKin diacetate. lead 
octanoate. zinc octanoate. and tiie like. 
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It is preferred but not necessary that the reactions be carried out in an inert solvent such as toluene, 
benzene, xylene, and other aromatic hydrocarbons, heptane, octane, nonane, and other aliphatic hydrocar- 
bons, methyl ethyl ketone, methyl I -butyl ketone, methyl amyl ketone, .2- ethoxyethyl acetate, 2- 
ethyoxybutyl acetate, and the like. Mixtures of such inert solvents may also be employed. 

5 Reaction temperatures can vary from about 15*C to about 100*C or higher, preferably from about 
40 • C to about 75 * C, and most preferably from 40 * C to 60 * C. The reaction time will vary accoreling to the 
size of the batch of product being produced, the nature of the isocyanate employed, the nature of the 
hydroxyalkyi (meth)acrylate used, and the reaction temperature. It Is pretended that the isocyanate/HO - 
(DIOL)-OH reaction be carried out in a dry nitrogen atmosphere and the Formula II 

10 prepolymer/hydroxyalkyi (meth)acrylate reaction be canried out In an oxygen -containing atmosphere such 
as air and that a stabilizer be used In the latter step. If all three ingredients are reacted at the same time, it 
is preferred that a dry air or other oxygen - containing atmosphere be used. 

Illustrative of hydroxyalkyi {meth)acrylates that can be used to prepare the polyurethane (meth)acrylates 
of this invention include, for example, hydroxyethyl acrylate, hydroxyethyl methacrylate, hydroxypropyl 

75 acrylate, hydroxypropyl methacrylate, and the like, including mixtures thereof. A preferred hydroxyalkyi 
(meth)acrylate is hydroxyethyl acrylate. 

Illustrative of the stabilizers or free -radical inhibitors that can be used alone or in combination to 
prevent polymerisatidh of acrylate functionality during the reaction of hydroxyalkyi acrylates with Formula II 
prepoiymers are hydroquinone, 4 methoxyphenol, hydroquinohe monomethyl ether, phenothiazine, ben- 

20 zoquinone, methylene blue, 2,5 - di - 1- butylhydroquinone, and other free radical inhibitors known in the art. 
Usually the inhibitors are used at a concentration of about 50 parts per million to about 1000 parts per 
million. 

In an embodiment of this invention, acrylate -terminated compositions of the liquid hydrocarbon diols 
can be prepared by a condensation reaction in which acrylic acid or methacrylic acid or a mixture thereof is 
25 condensed with HO - R" - OH and optionally other polyols. An illustrative reaction scheme is as follows: 

HO - R" - OH + CH2 = CHRs COOH (CHa = CHRs COCH2)2 - R" 

wherein R" and Rs are as defined above. Such diacrylates are useful as reactive diluents in radiation - 
30 curable coating, ink, sealant, or adhesive compositions that are cured by electron beam or photochemical 
rrieans. 

Coating compositions containing the acrylate -temninated products of this invention can be cured by 
thermal or actinic eriergy or a corhbination of these energy sources. Particularly useful actinic energy 
sources are electron beams and ultraviolet light though certain portions of the visible light spectrum can be 

35 used when specific photoinitiators are employed. The coating compositions can contain from about 10 
percent by weight to 100 percent by weight of the acrylate - terminated products of this invention exclusive 
of photoinitiators, catalysts, inert solvents, surfactants, flow and leveling agents, slip agents, thickeners, 
pigments, fillers, and other additives that are known to those skilled in the art of fonnulating coatings which 
can be used in conventional amounts. The remainder of from zero to about 90 percent by weight of the 

40 coating composition can Include ethylenically unsaturated compounds, particularly acrylates and including 
commercially available, formulated acrylate products, and N- vinyl pynrollidone. 

Illustrative of the ethylenically unsaturated monomers incjude the esters of acrylic and methacrylic acid 
with monohydric and polyhydric compounds, such as methyl, ethyl, propyl, butyl, pentyl, hexyl, octyl, decyl, 
and the like acrylates and methacrylates as welt as the various isomers of these and other listed 

45 compounds, neopentyl diacrylate, Esterdiol diacrylates such as 2,2 -dimethyl -3- hydroxypropyl -2,2- 
dimethyl-3-hydroxypropionate diacrylate, trimethylolpropane triacrylate, pentaerythriol di-, tri-, and 
tetraacrylate, hyroxyethyl acrylate, hydroxypropyl acrylate, caprolactone acrylates, ethoxylated acrylates, 
propyoxylated acrylates, glycerol kcrylates, triethylene glycol diacrylate, tetraethylene glycol diacrylate, 
ethoxyethyl acrylate, cyclohexyl acrylate, 2 - phenoxyethyl acrylate, isobornyl acrylate, 1,3-butylene glycol 

50 diacrylate, 1,4-butanediol diacrylate, 1 ,6 - hexanediol diacrylate, glycidyl acrylate, as well as the 
methacrylates of such compounds, and the like; styrene, divinylbenzene; N-vinylpyrrolidone, and the like. 
Illustrative of the oligomers or polymers which can be used in the photopolymerizable reaction formulations 
are poly(ethylene glycol) acrylates, caprolactone di - . tri - , and tetraacrylates, tripropylene glycol diacrylate, 
' poly(propylene glycol) acrylates. ethoxylated or propoxylated Bisphenol A diacrylates, alkoxyjated Esterdiol 

65 diacrylates such as ethoxylated or propoxylated 2,2- dimethyl-3-hydroxypropyl -2,2 -dimethyl -3- 
hydroxypropionate diacrylates, acrylates of caprolactone reacted with Esterdiols, ethoxylated or propox-r 
ytated trimethylolpropane triacrylate, ethoxylated or propoxylated pentaerythriol di-. tri, or tetracrylate, 
unsaturated polyesters containing ethylenically unsaturated from maleic, fumaric, citraconic, and the like 
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unsaturated dicarboxylic acids, urethane acrylates of various types, epoxy acrylates. acrylated poly- 
butadiene. acrylated linseed oil, acrylated soybean oil, and the like. Compounds such as those mentioned 
are known to those skilled In the art and many are commercially available. 

Illustrative of the formulated acrylate products to which the acrylate- terminated products of this 

5 invention can be added are Loctlte 361 Activator/Resin combinations, Three Bond of America, Inc. under tiie 
designation 30A- 040, and the like. 

The acrylate -terminated compositions of this Invention and the ethylenically unsaturated monomers, 
oligomers, and polymers employed in the photopolymerlzable systems are combined with free radical 
photointtiators when curing Is to be accomplished by exposure to uttravioiet light. Illustrative of the 

10 photornitiators are 2,2-diethoxyacetophenone. benzil, diacetyl, benzil and alkyi benziis. dimethox- 
yphenylacetophenone, benzoin ethers, alpha -alkyI benzoins, phenyl benzoin, 2,3-pentanedione, 2,3- 
octanedione. 2,2 -dimethyl- 4 3.4 -butanedione, t>enzophenone, substituted benzophenones. and the like. 
It is understood by those skilled in the art that when benzophenone and similar compounds are used as 
photoinitiators, a synergistic agent, such as a tertiary amine or polymeric amine such as a secondary or 

16 primary amine terminated poly(propylene oxide) polyol are employed to enhance the conversion of photo - 
adsorbed energy to polymerization - initiating free radicals. The coating compositions generally contain from 
0.01 to about 10 weight percent based on the weight of the coating composition, preferably from about 0.1 
to about 6 weight percent. 

The coating formulations are applied to appropriate substrates as thin films by a variety of processes 

20 illustrative of which are roll coating, dip coating, spray coating, brushing, flexographic, lithographic, and« 
offset web printing processes, and the like. When curing is done by photopolymerization, the tilm or coating 
is exposed to light radiation that is rich in uttravioiet light radiation unless special photoinitiators that 
photolyze in the presence of visible light are used. Particularly useful is radiation of about 200 to about 450 
nanometers In wavelength. Illusti^ative of appropriate light sources are low pressure, medium pressure, and 

26 high pressure mercury vapor lamps, xenon and other flash -type lamps, fluorescent lights, lasers, elec- 
ti'odeless mercury lamps, and the like. Other sources of radiant energy such as electiron bieiams. gamma 
radiation, X-rays, sunlight, and so on can also be used. 

Illustrative of such substrates to which the coating compositions can t^e applied are steel, treated steel, 
tin plated steel, galvanized steel, treated and unti-eated aluminum, glass, wood, paper, coated or printed 

30 paper, epoxy fiberglass composites, flame retarded epoxy fiberglass composites such as those used in the 
manufacture of printed circuit boards, graphite fiber reinforced laminates/composites, polymers such as 
poly(ethylene terephthalate), poly(butylene terephthalate), treated polyethylene and polypropylene, vinyl 
film, vacuum or vapor deposited aluminum, gold, copper, silver, zinc, nickel, tin, and other metals, 
electi'oless nickel, copper -nickel alloys and the like, electrodepos'rted ifnetals such as silver, copper, nickel, 

35 chromium, silver-copper alloys, and the like, glass -reinforced unsaturated - polyester/styrene products, 
and the like. 

Usually proper selection of tiie above formulation ingredients will yield systems that are easily applied. 
However, in certain cases it may be desirable to reduce the viscosity by adding one or more inert or 
nonreactive solvents to the systems in amounts of about one to about 25 weight percent for the purpose of 

40 improving flow characteristics or for altering other response characteristics. In certain cases, it may be 
desirable to use more than 25 percent by weight of the solvent. Illustrative of such solvents are 1,1,1 - 
trichloroethane, ethoxyethanol, ethoxyethyl acetate, ethoxybutanol, ethoxybutanot acetate, butyl acetate, 
methyl isobutyl ketone, methyl ethyl ketone, propylene glycol methyl, propyl, and butyl ethers, dipropylene 
glycol alkyI ethers, and the like. It may also be desirable to thicken certain formulations such as those used 

46 . for screen printing or other end use requiring special riieological responses. Illustirative of the various inert 
thickening agents that may be employed are fumed silicas, clays, glass spheres or other microballoons, 
aluminum tiihydrate, polymers such as cellulose acetate butyrate, vinyl polymers, phenoxy, acrylates, and 
the like. The amount of such materials used in a system is dependent on the desired viscosity, thixoti'opy, 
or other flow characteristic and is known by tiiose skilled in the art of formulating coatings, inks, and the 

60 like. 

For purposes of this invention, the term *'(metii)acrylate" is contemplated to include acrylates, 
methacrylates and mixtures thereof, and "(meth)acrylic acid" is contemplated to include acrylic acid, 
methacrylic acid and mixtures thereof. Also, as used herein, the term "polyol" Is contemplated to include all 
permissible hydrocart3on compounds having 2 or more hydroxyl groups, e.g., diols, triols and the like. 
65 For purposes of tills invention, the tenm "hydrocarbon" is contemplated to include all permissible 
compounds having at least one hydrogen and one carbon atom. In a broad aspect, the permissible 
hydrocarbons include acyclic and cyclic, branched and unbranched, carbocyclic and heterocyclic, aromatic 
and nonaromatic organic compounds which can be substituted or unsut>stituted. 
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As used herein, the term "substituted" is contemplated to include all permissible substituents of organic 
compounds unless otherwise indicated, In a broad aspect, the permissible substituents include acyclic and. 
cyclic, branched and unbranched, carbocyclic and heterocyclic, aromatic and nonaromatic substituents of 
organic compounds. Illustrative substituents include, for example, alkyl. alkyloxy, aryl, aryloxy, hydroxy, 
6 hydroxayalkyl. amino, aminoalkyl. halogen and the like in which the number of carbons can range from 1 to 
about 20 or more, preferably from 1 to about 12. The permissible substituents can be one or more and the 
same or different for appropriate organic compounds. This invention is not intended to be limited in any 
manner by the permissible substituents of organic compounds. 

Certain of the following examples are provided to further illustrate this invention. 

10 

Glossary of Tenfns 

Insulation Electrical Resistance - This electrical property is a measure of the electrical resistance 
property or resistance offered by the material to passage of an electrical current. The measurements were 
75 made in accordance with method 302. test condition B, of Military Standard 202. Insulating materials jare 
very poor conductors of electricity and offer high resistance and thus the higher the value, the better the 
insulating property of a material. When temperature increases, insulating resistance decreases. When 
moisture content of a coating as might be encountered under high humidity conditions increases, insulation 
resistance decreases. Coatings witii a high insulation resistance and the ability to maintain such resistance , 
20 under high humidity conditions are useful protectors of electilcal circuitry. 

Double Rubs - Solvent resistance was measured as the number of solvent (methyl ethyl ketone or 
acetone) double rubs that were required to cut through the coating. If 100 rubs or more did not cut ttirough 
the coating, the coating was recorded as MOO. To perfonn the test, the solvent -soaked cloth was rubbed 
back and forth with hand pressure. A rub back and forth was designated as one "double rub.** 
26 Pencil Hardness - Procedure conducted in accordance with ASTM D 3363 - 74. 

Crosshatch Adhesion - Procedure conducted in accordance witii ASTM D 3359 r 87. 

Caprolactone Acrylate I - A monoacrylate. hydroxyl - terminated adduct of hydroxyethyl acrylate 
product commercially available from Union Carbide Chemicals and Plastics Company Inc. as TONE® - 
M100, 

30 Conformal Coating I - An ultraviolet light curable coating commercially available from Three Bond of 
America. Inc. under the designation 30A^ 040. The Material Safety Data Sheet for tiiis product indicates it is 
90-^85 weight percent acrylic ester. 0-1 weight percent acrylic acid, and 1 -10 weight percisnt poly - . 
merization catalyst. 

Photolnltiator I - A free radical - generating photoinitiator commercially available from Ciba- Geigy as 
36 IRGACURE® 184. 

Resin I - Resin used as one package of a two -package coating system and sold as Loctite 361 Resin 
by Loctite Corp. MSDS indicates composition is 55 - 60 weight percent 1,1,1 -trichloroetiiane, 20-25 
weight percent polyisocyanate prepolymer, 15-20 weight percent 2 - etiioxyethyl acetate. 5-7 weight 
percent methylene bisphenylisocyanate. 0.1-1 weight percent tert- butyl alcohol, and 0.1-1 weight 

40 percent methylal. It was recommended that one part of tiiis resin be used with two parts of Activator I. 

Activator I ^ Activator used as one package of a two -package coating system and sold as Loctite 361 
Activator by Loctite Corp. MSDS indicates composition is 50 - 55 weight percent high boiling methacrylate, 
25-30 weight percent polyurethane mettiacrylate resin, 5-7 weight percent acrylic acid, 3-5 weight 
percent hydroxyalkyl mettiacrylate, 3 - 5 weight percent photoinitiator (CAS #947-19 - 3), and 1 -3 weight 

45 percent substituted silane. It was recommended that two parts of this activator be used with one part of . 
Resin I. 

Example 1 

60 Isophorone diisocyanate. 75 grams (0.345 moles), and 100 grams of toluene were charged to a 500 
milliliter, 4 -neck flask equipped with a mechanical stirrer, nitrogen sparger, inlet and outlet nifogen 
connection which also functioned as a feeding port, and thermometer. While sparging witti nitirogen and 
stining, these ingredients were heated to 80 "C and held at this temperature to remove water. The 
temperature was ttien decreased to 55* C and 30 grams (0,170 moles) of 2-etiiyl-3-propylr1,5- 

65 pentanediol were slowly added to the reaction mass. The reaction was allowed to proceed at 55 * C for ttiree 
hours, and then the reaction mass was allowed to cool to room temperature and stand overnight under a 
nitrogen blanket. A 20 gram portion of ttie reaction mass was removed and stored for anotiier purpose. The 
remainder of ttie reaction mass was heated to 55* C while stirring and sparging witii air. 35 grams of 
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hydroxyethyl acrylate were slowly added over a 20 minute time period. The reaction was continued at 55*C 
for 1.5 hours after which time 0.0284 grams of hydroquinone were added and the reaction was allowed to 
proceed at.55* C for an addition three hours. The acrylate -terminated product was then cooled to room* 
temperature and stored in an amber bottle for future use. 

Examples 2 to 5 

Ultraviolet light curable coatings were prepared by placing the ingredients listed in Table A below in 
amber glass bottles mixing them well. The mixtures were then coated onto a phosphatized steel panels with 

to a No. 20 wire -wound rod and exposed to. a 300 watt -per -inch medium pressure mercury vapor light 
source by placing them on a conveyor operating at 30 feet -per -minute that ran under the ultraviolet light 
source. In the case of Example 2, two steel panels were coated with the formulation and exposed to 
ultraviolet light. After exposure one panel was given a post cure or annealing step by placing it In an oven 
set at 60'C and the other was not given this post cure. All cured coatings were 1.0 mil in thickness. The 

16 coatings were tested by the indicated tests in Table A and the results are given in Table A. As indicated in 
the footnote to Table A, both the post cured and the nonpost cured coatings of Example 2 had the same 
properties. The systems of Examples 3. 4^ and 5 were also coated onto epoxy/fiberglass substrate, that had 
a solder Y-test pattern printed on it as described in Paragraph 4.7.1.1 of Military Specification 1^460580 
by a dipping process and cured in the same manner and with the same ultraviolet light source described 

20 above. Measurements of electrical insulation resistance for the cured coatings on the Y^test pattern panels 
were made at various periods after ultraviolet light exposure during which time period the coated panels 
were kept under summertime, high humidity laboratory conditions and the measurements are given in Table 

• A.. . ■ , ' , .'. . ; • 
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16 



20 



30 



35 



jmjLA 

E2iaaifilfis 

Indrgdicnts. grams 2 ^ 4 & 

ExampTe 1 Acryl ate- terminated 

Product 10.0 8.0 6.0 4.0 

Trimethylol propane Tri aery late — 2.0 2.0 4.0 

Caprolactone Acrylate I » ^ i.o 2.0 

2,2*-Oiethoxyacetophenone. 0.4 0.4. 0.4 0.4 

Properties of Ultraviolet Light 
Cured Coat I nos on Steel Panels 

Acetone Double Rubs 100(1)* 18(4) 25(3) 100(1) 

Pencil hardness 2H* 2H 2H 2H 

Crosshatch Adhesion, X 100* 100 100 20 

Electrical Insulation Resistance 
of Ultraviolet Light Cured 
Coatings on Epoxy-Fibergl ass Test 
Patterns, ohms x 10^^^ 

1 Day after UV exposure >100 16 14. 

5 Days after UV exposure — >100 7.5 8 



Same results obtained on coating held at room temperature and 
post cured at 60^C for 20 minutes. 



The results indicate that the Example 1 polyurethane acrylate can be cured with ultraviolet light when 
compounded with a free radical generating - photolnltiator such as 2,2* ~ diethoxyacetophenone alone or In 
combination with other acrylates to form useful coatings. The measurements of electrical insulation 
40 resistance properties iridicala that the polyurethane acrylate of Example 1 improves the moisture resistance 
properties of coatings ph printed circuit boards and is useful in conformal coating compositions. In these 
three examples, the insulation resistance was sufficiently high that the coatings surpassed the requirement 
of 2.5 X 10^2 Qhms specified in Paragraph 3.9 of Military Specification I -46058C. 

46 Example 6 and Control Example A 

Confonnal Coating I alone (Control A) and modified with the Example 1 polyurethane acrylate (Example 
6) were coated onto phosphati^ steel and a test pattern board as described in Examples 3-5 and cured 
in the same manner and witfi the same ultraviolet light source described in Examples 3-5. Physical 
50 properties on the steel panels were determined 6 days after ultraviolet light exposure and electrical 
resistance measurements were determined at various time intervals Indicated in Table B below. Test results 
are given in Table B. 
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Control Example 
Tnffri>i^Tentis, orama. h 6- 

^ Conformal Coating I 10.0 8.5 

Example 1 Polyurethane Acrylate 1-5 

Properties of Ultraviolet Light 
Cured Coatings on Steel Pianels 

Double Acetone Rubs 60 (3) 45 (3) 

Pencil Hardness 2B B 

Crosshatch Adhesion, % 100 100 

'® Electrical Insulation Resistance 

of Ultraviolet Light Cured 
Coatings on Epoxy-Fiberglass 
Test Pattey^iS. Qhms ^ XO'^^ — — 

1 Day after UV exposure . 0.23 0.32 

5 Days after UV exposure 0.40 1.2 

The results indicate that the polyurethane acrylates of this invention can be used as additives to comnnercial 
25 products without having a deleterious effect on physical characteristics and having an improvernent in 
insulation resistance. ^ 

, Example 7 * . , • ' 

.30 , An 80/20 mixture of 2,4-/2,6 -toluene diisocyanate, 60 grams (0.343 moles), and 100 grams of toluene 
were charged to a 500 nriilliliter, 4 -neck flask equipped with a mechanical stirrer, nitrogen sparger, inlet and 
outlet nitrogen connection which also functioned as a feeding port, and thermometer. While sparging with 
nitrogen and stirring, these ingredients were heated to 80 * C and held at this temperature to remove water. 
The temperature^ was then decreased to 55* C and 30 grarhs (0.170 moles) of 2-ethyl-3-propyl-1,5^ 

35 pentanedlol were slowly added to the reaction mass. The reaction was allowed to proceed at 55* 0 for three 
hours, and then the reaction mass was allowed to cool to room temperature and stand overnight in the 
reactor with an air sparge. A 20 gram portion of the reaction mass was removed and stored for another 
purpose. 

The remainder of the reaction mass was heated to 55*0 while stining and sparging with air. When 
40 55 *C was reached, 0.568 grams of 4-methoxyphenol was added followed by addition of 35 grams of 
hydroxyethyl acrylate over a 45 minute time period. The reaction was continued at 55* 0 for three hours 
after which time the acrylate -terminated product was cooled to room temperature and stored in an amber 
colored glass container for future use. 

46 Examples 8-10 

Ultraviolet light cured coatings were prepared by blending the ingredients listed in Table 0 below in a 
glass container. The mixtures were then coated onto phosphatized steel panels with a No. 20 wire -wound 
rod and cured in the same manner and with the same ultraviolet light source as described in Examples 2- 
60 5. The cured coatings were tested by the indicated tests in Table C and the results are given, in Table 0. 
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16 



Example 7 Folyure thane 
Acrylate 

Trijnethylolpropane triacrylate 

Photoinitiator I 

Properties of Ultraviolet Light 
r..ri>a GoatinyB on Steel Fmclfl 
Double Acetone Rubs . 
Pencil Hardness 



9.6 



0.4 



100(1) 
F 



Examples 
9 

A. 2 
5.4 
0.4 



100(1) 
3H 



10 

2.1 
7.5 
0.4 



100(1) 
3H 



20 Examples 11 - 16 and Control Example B 

Ultraviolet light cured coatings were prepared by blending the Ingredients listed In Tat)le D below in a 
glass container. The mixtures were then coated onto phosphatlzed steel panels with a No. 20 wire - wound 
rod and cured in the same manner and with the same ultraviolet light source as descnbed '" Example^ 2- 
26 5 The cured coatings were tested by the indicated tests in Table D and the results are given in Table D. 



30 



35, 



40 



60 



IhSUUl 



Examples 



Bxanple 1 PolTurethane 
Acrylate 

Example 7 Polyurethuie 
Acrylate 

Activator I 

Resin I 

Properties of Ultra- 
violet Light Cured 
Coatings on Steel 

Panels . — 

Double Acetone Rubs 
Pencil Hardness. 



B ^ 11 12 13 14 15 16 

— ; 3.0 7.5 11.25 

_ _ — — ; 3.0 7.5 11.25 

10.0 10.0 10.0 10.0 10.0 10.0 10.0 

5.0 5.0 5.0 5.0 5.0 5.0 5.0 



20(3) 16(3) 38(3) 38(3) 60(3) 42(3) 20(3) 
3B B F F 2H 2H B 



Crosshatch Adhesion, X 100 100 100 100 100 100 100 



The results indicate that the polyurethane acrylates of this invention can be used with commercial acrylate 
systems that are used as coatings for the electrical/electronics industry and that by adding them to he 
65 commercial systems, solvent resistance and hardness can be varied. 

polyurethane acrylates of this invention and other results suggest that systems cpntaimng them will have 
Improved moisture resistance. 
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Although the invention has been illustrated by certain of the preceding examples, it is not to be 
construed as being limited thereby: but rather the invention encompasses the generic area as hereinbefore 
disclosed. Various modifications and embodiments can be made without departing from the spirit and scope 
thereof. 

Related Applications 

The following are related, commonly assigned applications, filed on an even date herewith: 
U.S. Patent Application Serial No. 790.875 (D- 16840); U.S. Patent Application Serial No. 790,872 (D- 
ro 16841); U.S. Patent Application Serial No. 790,873 (D- 16842); U.S. Patent Application Serial No. 790,896 

(D- 16843); U.S. Patent Application Serial No. 790,895 (D- 16845); all of which are incorporated herein by 

reference. 

aaims 

/6 ■ 

1. A polyurethane (meth)acrylate comprising the reaction product of (i) a liquid hydrocarbon diol com- 
prised of primary hydroxyl groups and 8 or more carbon atoms In which the primary hydroxy groups 
are separated by 4 or more carbon atoms linearly arranged and in which at least one of said carbon 
atonns linearly an^anged is a disubstituted carbon atom or at least 2 of said carbon atoms linearly 

20 an^anged are monosubstituted carbon atoms, said liquid hydrocarbon diol existing as a liquid at a 
temperature of 35 *C or less, and/or a derivative of said liquid hydrocarbon diol, (ii) a polyfunctional 
isocyanate. and (Hi) a hydroxyalkyi (meth)acrylate. 

2. The polyurethane (meth)acrylate of claim 1 further comprising a polyol different from said liquid 
26 hydrocarbon diol or derivative thereof . 

3. The polyurethane (meth)acrylate of claim 1 wherein the liquid hydrocarbon diol Is represented by one 
of the following fomnulae: 

30 HO-R"-OH (I) 

wherein R" is a substituted hydrocarbon residue having 8 or more carbon atoms in which the primary 
hydroxyl groups are separated by 4 or more carbon atoms linearly anranged and in which at least one 
of said cart)on atoms linearly arranged Is a disubstituted carbon atom or at least 2 of said carbon atoms 
35 linearly anranged are monosubstituted carbon atoms; or 



^1 ?2 ?3 



40 



60 



65 



I r j- 

HOCH2 -C - C - C- CHjOH (II) 
H H 



wherein Ri is hydrogen or linear or brariched alley! having 1 to 3 carbon atoms, and R2, Rs. and R4 are 
the same or different and are hydrogen or linear or branched alkyi having 1 to 4 carbon atoms; or 



Rl R9 Ro 

I 1' 1' 

HOCH2 - C - C - C - CH2OH (III) 
H H R. 



wherein Ri is hydrogen or linear or branched alkyI having from 1 to 3 carbon atoms, and R2, Ra and R 
are the same or different and are hydrogen or linear or branched alkyI having from 1 to 4 carbon 
atoms; provided (a) at least 2 of Ri, R2, R3 and R« are other than hydrogen; (b) the total number of 
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carbon atoms in Ri, R2. R3 and FU together is 5 or more except as follows: (i) when Hz is ethyl and 
one of Ri . R3 and R4 is methyl, then the remaining 2 of Ri . Ra and R4 can be hydrogen; (ii) when R3 
and R^ are independently methyl and propyl, then Ri and R2 can be hydrogen; and (lii) when Ri is 
methyl and R2 is ethyl and one of R3 and R^ is methyl, then the remaining Rs or R4 can be hydrogen; 
6 (c) when the total number of carbon atoms in Ri and R2 is 4 or more, then the total number of carbon 
atoms in Rz is 3 or less except when Ri is propyl and R3 and R4 are hydrogen, then Racan be butyl; 
and (d) when Ri Is ethyl and R2 is propyl, then R3 is other than ethyl. 

4. The polyurethane (meth)acrylate of claim 1 in which the liquid hydrocarbon diol is selected from 3- 
10 ethyl -2 -methyl- 1,5 -pentanediol, 2-ethyl-3-propyl-1,5-pentanediol, 2,4 -dimethyl -3 -ethyl - 

1 .5 - pentanediol, , 2 - ethyl - 4 - methyl - 3 - propyl - 1 ,5 - pentanediol, 2,3 - diethyl - 4 - methyl -1,5- 
pentanediol, 3 - ethyl - 2,2,4 - trimethyl - 1 ,5 - pentanediol, 2,2 - dimethyl - 4 - ethyl - 3 - propyl - 1 ,5 - 
pentanediol, 2 - methyl - 2 - propyl - 1 ,5 - entanediol, 2,4 - dimethyl - 3 - ethyl - 2 - propyl - 1 ,5 - pen - 
tanediol, 2,3 - dipropyl - 4 - ethyl - 2 - methyl - 1 ,5 - pentanediol, 2 - butyl - 2 - ethyl - 1 ,5 - pentanediol, 

16 2 - butyl - 2,3 - diethyl - 4 - methyl - 1 ,5 - pentanediol, 2 - butyl - 2,4 - diethyl - 3 - propyl - 1 ,5 - pen - 
tanediol, 3 -butyl -2 -propyl -1,5 -pentanediol, and mixtures thereof; the polyfunctional isocyanate is 
selected from 2,4-toluene diisocyanate, 2,6 -toluene dilsocyanate, 4,4'-diphenylmethane 
diisocyanate (MDl), 4,4' -dicyclohexyldiisocyanate. meta- and para-tetramethyl xylene dilsocyanate, 
3-isocyanatomethyl-3,5,5-trimethylcyclohexyllsocyanate, hexamethylene diisocyanate, 2.2,4- and 

20 2,4,4- trimethylenehexamethylene diisocyanate, meta- and para-phenylene diisocyanate: Isophorone 
diisocyanate, 2,4 - , 2,6 - and 2,4 - /2,6 - bromotoluene diisocyanate, 4 - bromo - meta - phenylene 
diisocyanate, ortho- and meta-trifluoromethylphenylisocyanate; ortho, meta-, and para- 
fluorophenylisocyanate; 4,6 - dibromo - meta - phenylene diisocyanate; ortho - , meta - , and para - 
chlorophenyl isocyanate, 4,4',4*'-triisocyanatotriphenylmethane, and mixtures thereof; and the 

26 hydroxyalkyi (meth)acrylate is selected from hydroxyethyl acrylate, hydroxyethyl methacrylate, 
hydroxypropyl acrylate, hydroxypropyl methacrylate, and mixtures thereof. 

5. The polyurethane (meth)acrylate of claim 1 in which the polyfunctional isocyanate is represented by the 
formula: 

.30 

z-(Nco)„ • ; : 

wherein Z is a substituted or unsubstituted hydrocarbon residue and n is a value of from 2 to about 6. j 
OS 6. . The polyurethane (meth)acrylate of claim 1 represented by the fbnmula: 



' OH HO OH HO 

III III III III 

^ CHo-CRcCOR • 0-CN-2-NC- (0-R--0) -O-CN-Z-NC-OR ' OCReC-CH^ 

I I ^ • 

CHobCRcCOR'O-CN NC-ORcOCR'C-CHo 

III III ^ ^ 

OH HO 

45 

wherein R5 is the same or different and is hydrogen or methyl, R' is the same or different and is a 
linear or branched alkyl group of about 2 to 6 carbon atoms, R" is a substituted hydrocarbon residue 
having 8 or more carbon atoms in which the primary hydroxyl groups are separated by 4 or more 
60 carbon atoms linearly an^anged and in which at least one of said carbon atoms linearly an^anged Is a 
disubstituted carbon atom or at least 2 of said carbon atoms linearly arranged are monosubstituted 
carbon atoms, and Z is the same or different and is a substituted or unsubstituted hydrocarbon residue. 

7. A process for preparing a polyurethane (meth)acrylate which comprises (i) contacting a liquid hy- 
65 drocart>on diol comprised of primary hydroxyl groups and 8 or more carbon atoms in which the primary 
hydroxyl groups are separated by 4 or more carbon atoms linearly arranged and in which at least one 
of said carbon atoms linearly arranged is a disubstituted carbon atom or at least 2 of said carbon atoms 
linearly anranged aire monosubstituted carbon atoms, said liquid hydrocarbon diol existing as a liquid at 
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a temperature of 35 * C or less, and/or a derivative of said liquid hydrocarbon diol, with a polyfunctional 
isocyanate to form an isocyanate - capped prepolymer, and (ii) contacting said isocyanate - capped 
prepolymer with a hydroxyalkyi (meth)acrylate to form said polyurethane (meth)acrylate. 

8. A process for preparing a polyurethane (meth)acrylate which comprises contacting a liquid hydrocartwn 
diol comprised of primary hydroxyl groups and 8 or more carbon atoms in which the primary hydroxy! 
groups are separated by 4 or more cartK)n atoms linearly arranged and in which at least one of said 
carbon atoms linearly arranged is a disubstituted carbon atom or at least 2 of said carbon atoms 
linearly an^anged are monosubstituted carbon atoms, said liquid hydrocarbon diol existing as a liquid at 
a temperature of 35'C or less, and/or a derivative of said liquid hydrocarbon diol, with a polyfunctional 
isocyanate and a hydroxylalkyi (meth)acrylate to form said polyurethane (meth)acrylate. 

9. A curable coating composition comprising the polyurethane (meth)acrylate of claim 1 or a cured film 
prepared therefrom, or an adhesive, ink or sealant composition comprising the polyurethane (meth)- 
acrylate of claim 1. 

. . ' ' y. 

,10. A (meth)acrylate -terminated composition comprising the reaction product of (i) a liquid hydrocarbon 
diol comprised of primary hydroxyl groups and 8 or more carbon atoms in which the prinriary hydroxyl 
groups are separated by 4 or more carbon atoms linearly arranged and in which at least one of said 
carbon atoms linearly arranged is a disubstituted cartx)n atom or at least 2 of said carbon atoms 
linearly arranged are monosubstituted carbon atoms, said liquid hydrocarbon diol existing as a liquid at 
a temperature of 35*C or less, and/or a derivative of said liquid hydrocarbon diol, and (ii) a (meth)- 
acrylic acid. 
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